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Abstrat
It is well known that high energy interations as dif-
ferent as eletron-positron annihilation, deep inelasti
lepton-nuleon sattering, proton-proton interations, and
nuleus-nuleus ollisions have many features in ommon.
Based upon this observation, we onstrut a model for
all these interations, whih relies on the fundamental hy-
pothesis that the behavior of high energy interations is
universal.
1 The Universality Hypothesis
Our ultimate goal is the onstrution of a model for inter-
ations of two nulei in the energy range between several
tens of GeV up to several TeV per nuleon in the enter-
of-mass system. Suh nulear ollisions are very omplex,
being omposed of many omponents, and therefore some
strategy is needed to onstrut a reliable model. The en-
tral point of our approah is the hypothesis, that the be-
havior of high energy interations is universal (universality
hypothesis). So, for example, the hadronization of partons
in nulear interations follows the same rules as the one
in eletron-positron annihilation; the radiation of o-shell
partons in nulear ollisions is based on the same prini-
ples as the one in deep inelasti sattering.
The struture of nuleus-nuleus sattering is expeted
to be as follows: there are elementary interations between
individual nuleons, realized via parton ladders, where the
same nuleon may partiipate in several of these elemen-
tary interations. Although suh diagrams an be alu-
lated in the framework of perturbative QCD, there are
quite a few problems : important utos have to be ho-
sen, one has to hoose the appropriate evolution variables,
one may question the validity of the leading logarithmi
approximation, the oupling of the parton ladder to the
nuleon is not known, the hadronization proedure is not
alulable from rst priniples and so on. So there are still
many unknowns, and a more detailed study is needed.
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Figure 1: The diagram representing deep inelasti lepton-
proton sattering.
Our starting point is the universality-hypothesis, saying
that the behavior of high-energy interations is universal
[wer97℄. In this ase all the details of nulear interations
an be determined by studying simple systems in onne-
tion with using a modular struture for modeling nulear
sattering. One might think of proton-proton sattering
representing a simple system, but this is already quite
ompliated onsidering the fat that we have in general
already several elementary interations.
2 The semihard Pomeron
Let us all an elementary interation in proton-proton
sattering at high energies semihard Pomeron. In or-
der to investigate the struture of the semihard Pomeron,
we turn to an even simpler system, namely deep inelas-
ti lepton-nuleon sattering (DIS). In gure 1 we show
the ut diagram representing lepton-proton sattering: a
photon is exhanged between the lepton and a quark of
the proton, where this quark represents the last one in
a asade of partons emitted from the nuleon. So the
hadroni part of the diagram is essentially a parton lad-
der. In the leading logarithmi approximation (LLA) the
virtualities of the partons are ordered suh that the largest
one is lose to the photon [rey81, alt82℄.
Let us rst investigate the so-alled struture funtion
F2, representing the hadroni part of the DIS ross setion,
i.e. the diagram of g. 1 but without the lepton and
photon lines. In DGLAP approximation, we may write F2
as
F2(x,Q
2) =
∑
j
e2j x f
j(x,Q2) (1)
with
f j =
∑
i
ϕi ⊗ E
ij
QCD.
1
IR
+
IP
=
Figure 2: The total ontribution, being the sum of IP-
ontribution and IR-ontribution.
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Figure 3: The struture funtion F2for dierent values
of Q2 together with experimental data from H1 [h1-96a℄,
ZEUS [zeus96℄and NMC [nm95℄.
Here, E
ij
QCD(x,Q
2
0, Q
2) is the QCD evolution funtion, rep-
resenting the evolution of a parton asade from sale Q20
to Q2, being alulated based on the DGLAP evolution
equation. We solve this equation numerily in an iterative
fashion. The funtion ϕi is the initial parton distribution
(at sale Q20), assumed to be of the form
ϕi = CIP ⊗ E
i
softIP + CIR ⊗ E
i
softIR.
So we have two ontributions, represented by a soft
Pomeron and a Reggeon respetively. In any ase we
adopt a form C ⊗ Esoft, where Esoft represents the soft
Pomeron/Reggeon, and where C is the oupling between
the Pomeron/Reggeon and the nuleon. So the par-
ton ladder is oupled to the nuleon via a soft Pomeron
or Reggeon, see g. 2. Here, we regard the soft
Pomeron (Reggeon) as an eetive desription of a par-
ton asade in the region, where perturbative methods
are inappliable. A similar onstrution was proposed in
[tan94, lan94℄, where a t-hannel iteration of soft and per-
turbative Pomerons was onsidered. We all Esoft also the
soft evolution, to indiate that we onsider this as simply
a ontinuation of the QCD evolution, however, in a re-
gion where perturbative tehniques do not apply any more.
Some results of our alulations for F2(x,Q
2) are shown in
g. 3 together with experimental data from H1 [h1-96a℄,
ZEUS [zeus96℄ and NMC [nm95℄. We are now in a posi-
tion to write down the expression Gsemi for a ut semihard
Pomeron, representing an elementary inelasti interation
in pp sattering. We an divide the orresponding diagram
into three parts: we have the proess involving the highest
parton virtuality in the middle, and the upper and lower
part representing eah an ordered parton ladder oupled
to the nuleon. Aording to the universality hypothesis,
Figure 4: The universality hypothesis implies that the up-
per and the lower part of the Pomeron diagram are iden-
tial to the hadroni part of the diagram for DIS.
the two latter parts are known from studying deep inelas-
ti sattering, representing eah the hadroni part of the
DIS diagram, as shown in g. 4. For given impat param-
eter b and given energy squared s, the omplete diagram
is therefore given as∫
dx+dx−Gsemi(x
+, x−), (2)
with
Gsemi(x
+, x−) =∑
IJ
CI(x
+)CJ (x
−)
∑
ijkl
∫
du+du−dQ2 [Eksoft I ⊗ E
ki
QCD](u
+) (3)
[Elsoft J ⊗ E
lj
QCD](u
−)
dσ
ij
Born
dQ2
(u+u−x+x−s,Q2).
The variables I and J may take the values IP and IR. This
is the expression orresponding to a semihard Pomeron.
In addition to the semihard Pomeron, one has to on-
sider the expression representing the purely soft ontribu-
tion Gsoft [hla98℄. The omplete ontribution is then the
sum G = Gsemi +Gsoft.
3 Multiple Sattering in Nuleus-
Nuleus ollisions
We dene a onsistent multiple sattering theory for
nuleus-nuleus sattering (inluding proton-proton) as
follows:
• Any pair of nuleons may interat via the exhange
of any number of ut or unut Pomerons of any kind
(Reggeons, soft Pomerons, semihard Pomerons).
• The total ross setion is the sum of all suh Pomeron
ongurations.
As usual, ut Pomerons represent ontributions of par-
tial nuleon-nuleon interations into real partile produ-
tion, whereas unut ones are the orresponding virtual
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Figure 5: Multipliity (left) and xp distributions (right)
at 29 GeV (lower urves) and 91 GeV (upper urves). The
29 GeV results have been divided by ten, to separate the
two urves.
proesses (sreening orretions) [agk73, wer93℄. With
eah ut Pomeron ontributing a fator G, eah unut one
a fator (−G)(the Pomeron amplitude is assumed to be
imaginary), and eah remnant ontributing a fator Fproj
or Ftarg, one gets
σinel =
∫
dTAB
∑
m1l1
. . .
∑
mABlAB
AB∏
k=1
{
1
mk!
1
lk!
}∫
dX
AB∏
k=1
{
mk∏
µ=1
G(x+k,µ, x
−
k,µ)
lk∏
λ=1
−G(x˜+k,λ, x˜
−
k,λ)
}
A∏
i=1
Fproj
(
xR+i
) B∏
j=1
Ftarg
(
xR−j
)
(4)
where
∫
dTAB represents the integration over impat pa-
rameters of projetile and target nuleons with the ap-
propriate weight given by the so-alled thikness fun-
tions,
∫
dX represents the integration over all momen-
tum fration variables, and xR+i and x
R−
j represent rem-
nant momentum frations. Equation (4) should be on-
sidered symboli, in reality, there appear also transverse
momentum variables and one has to take into aount the
fat that the ase of zero ut Pomerons is somewhat om-
pliated: one has elasti and dirative interations as
well as uts between nuleons. All this is taken into a-
ount in the numerial alulations [hla98℄. Eq. (4) is
the basi formula of our approah, it serves not only to
generate Pomeron ongurations (how many Pomerons of
whih type are exhanged), it serves also as basis to gener-
ate partons. The nal step amounts to transform partons
into hadrons (hadronization). This is done aording to
the so-alled kinky string method, whih has been tested
very extensively for eletron-positron annihilation. As an
example, we present in g. 5 multipliity and xp distribu-
tions at 29 and 91 GeV together with data from [der86℄
and [ale96℄, where xp is the momentum fration of a par-
tile. In a similar fashion, we reprodue data onerning
inlusive spetra for individual hadrons.
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Figure 6: Pseudo-rapidity distributions in DIS for harged
partiles (left) or for harged partiles with pt > 1 GeV
(right). Data are from [h1-96b℄.
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Figure 7: Rapidity or pseudorapidity distributions at 19.4
and 200 GeV. The data are from [dem82, UA5-86℄
4 Results
Let us now disuss some results onerning partile pro-
dution, rst in deep inelasti lepton-nuleon sattering.
In g. 6, we present pseudo-rapidity distributions and
transverse momentum spetra for 1.5 < η < 2.5. We om-
pare our simulations (lines) with H1 data (points). We
applied the same aeptane uts as done in the experi-
ment.
We are now going to disuss a few results for pp sat-
tering. In g. 7, we present on the left-hand-side rapidity
spetra of harged partiles (upper urve) and negatively
harged partiles (lower urve) at a enter-of-mass energy
of 19.4 GeV. On the right-hand-side, we show pseudora-
pidity spetra of harged partiles at 200 GeV.
In order to treat nuleus-nuleus ollisions, one needs
to inlude seondary interations. This annot be done
within the theoretial framework disussed for far. So we
proeed in two steps:
• We rst treat the primary interations, aording to
the proedures disussed above. This is a onsistent
multiple sattering approah, fully ompatible with
proton-proton sattering and deep inelasti lepton-
nuleon sattering.
• We then reonsider the event, to perform the se-
ondary interations, i.e. to hek whether at least
three partiles are lose to eah other to form droplets,
or if two partiles are lose to eah other to perform
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Figure 8: Rapidity distribution of negatives for Pb+Pb
(left) and S+S, S+Ag, S+Au (right). The data are from
[NA49-98, NA35-94℄
a hadron-hadron interation.
It goes beyond the sope of this paper to disuss the de-
tails of seondary sattering, this will be left to a future
publiation, where we also are going to present a detailed
omparison with data. In g. 8, we show rapidity distribu-
tions of negatives for Pb+Pb and for S+S, S+Ag, S+Au
at SPS. In general, we obtain an agreement with the data
on the level of 5 - 10 %.
5 Summary
Based on the universality hypothesis, we onstruted a
theoretially onsistent approah to high energy intera-
tions as dierent as deep inelasti lepton-nuleon satter-
ing, proton-proton sattering and nuleus-nuleus satter-
ing. Both, interations of nuleons or nulei, are omplex
in the sense that the ut Feynman diagrams ontribut-
ing to the total ross setion are omposed of subdia-
grams representing elementary interations between nu-
leons. These subdiagrams are alled semihard Pomerons,
they are parton ladders oupled to the nuleons. Eah
subdiagram an be divided into two parts, eah one rep-
resenting a diagram, whih an be studied via deep in-
elasti lepton-nuleon sattering. This is very important,
beause in this way we an study the soft oupling of the
parton ladder to the nuleon, not being known from QCD
alulations, t the parameters of parameterizations by
omparing to lepton sattering data, and have in this way
no freedom any more in proton-proton or nuleus-nuleus
sattering.
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